The vitamin requirements of 63 strains and the amino acid requirements of 40 strains belonging to the genus Leuconostoc have been determined. The amino acid requirements separate the genus into dextran and non-dextran formers and in particular indicated that non-dextran formers should be excluded from Leuconostoc mesenteroides. The growth factor requirements support the division of the leuconostocs by other methods into six species: Leuconostoc mesenteroides, L. dextranicum, L. paramesenteroides, L. lactis, L. cremoris and L. oenos.
INTRODUCTION
No previous studies of the vitamin and amino acid requirements of leuconostoc strains has included representatives from all the species of the genus, but reports have been confined to strains selected either by habitat or species. Dunn, Shankman, Camien & Block (1947) and Shankman et al. (1947) examined a variety of lactic acid bacteria which included eight leuconostocs, all dextran formers (although some were designated Leuconostoc citrovorum), and Whiteside-Carlson & Carlson ( I 949) and Whiteside-Carlson & Rosano (I 95 I) worked only with strains which made dextran. In the dairy field, Prouty (I 96 I) examined cultures of L. dextranicum and L. citrovorum isolated from starters. Radler (1958) studied three strains isolated from wine and Peynaud, Lafon-Lafourcade & Domercq ( I 965) included 37 heterofermentative cocci in their study of the nutrition of lactic acid bacteria from wine. The media and methods used in all these experiments differed considerably and it is not easy therefore to compare the requirements of the different species.
In the present work strains of all the known species of leuconostoc have been used, i.e. representatives from the six groups reported by Garvie (1960) and also from the acidophilic strains found in wine (Garvie, I 967).
M E T H O D S
Strains. The strains were all from the National Collection of Dairy Organisms (NCDO), Shinfield, and the NCDO accession numbers of those used are given in Table I . Many of the strains were included in earlier work (Garvie, 1960) but others have been deposited in the NCDO since the completion of that work, namely strains NCDO 1583-1 598 by the National Collection of Industrial Bacteria (NCIB; Torry Media for maintaining cultures. The cultures were grown in the media used by Garvie (1967), yeast glucose citrate broth (YGCB) for groups I-VI and acidic tomato broth (ATB) for group VII. A I % (w/v) solution of cysteine hydrochloride was sterilized by Seitz filtration and 0.5 ml. added/Io m l . media for strains of group I (Leuconostoc cremoris ; Betacoccus cremoris Knudsen & Sarrensen (I 929)) and group VII (L. oenos). These species were incubated at 2 2 O , most strains of other species were incubated at 30°, but a few strains of groups I11 and IV grew better at 2 2 O and the growth of these was helped by the addition of cysteine hydrochloride. Incubation was generally for 24 hr but some cultures, particularly those at 2 2 O , required 48 hr or longer.
Media for determining requirement for amino acids and vitamins. The amino acid requirements were estimated in medium A ( Table 2 ) from which each amino acid was omitted in turn. This medium was similar to that used by Reiter & Oram (1962) and is based on the amino acid analysis of milk. It was used, because before devising YGCB it had been observed that some strains of Leuconostoc cremoris grew more readily in milk supplemented with Yeastrel and glucose than in the broth medium used at that time.
The vitamin requirements were assessed in medium B ( Determination of amino acid requirements. Cultures were transferred from YGCB or ATB to a tryptone broth (medium C, Table 2 ), of the appropriate initial pH value and with the addition of cysteine hydrochloride for strains of groups I and VII. Cultures of strains from groups I and VII required several transfers through medium C before rapid growth was obtained. Strains of other groups were transferred twice. One drop of a culture in medium C was inoculated into each of the amino acid test media (media A) and the tubes incubated at the appropriate temperature. It was necessary to add cysteine to medium A when testing groups I and VII strains but not for strains of other groups. Cysteine was omitted when a requirement for cystine was being examined.
The time of incubation could not be standardized because the differences in growth rate between the cultures was even greater than in the general media. Incubation was continued until the complete medium showed good growth. With many strains 24 hr was adequate, but with others incubation was prolonged to 7-10 days. Growth was 442 E. I. GARVIE estimated photometrically as the extinction at 580mp with a Hilger Biochem absorp tiometer.
Determination of growth factor requirements. One drop of a culture in YGCB or ATB was inoculated into a series of tubes of medium B, each deficient in one growth factor and into the complete medium. The inoculated tubes were incubated at the appropriate temperature until good growth in the complete medium was observed. The cultures were transferred twice more through medium B of the same composition and the requirement for a particular growth factor assessed by the presence or absence of growth in the third subculture. As before, cysteine was added to cultures of groups I and VII.
Determination of a biotin requirement. A requirement for biotin was estimated in the same way as for the other vitamins but using medium to which 0*002 d. egg white/ml.
had been added to bind any traces of biotin in the medium (Broquist & Snell, 1948) . (1951) reported a relationship between a requirement for oleate and biotin in some lactic acid bacteria. In the present experiments a requirement for one of these substances was determined in the presence of the other.
RESULTS
Patterns of vitamin requirements of species have proved useful in supporting the classification of the lactobacilli by other criteria (Rogosa & Sharpe, I959), and this study of the vitamin and amino acid requirements of the leuconostocs was made to see whether in this genus also the results would assist in the definition of species.
Amino acid requirements
The amino acid requirements observed are summarized in Table 3 . As with many other properties of the leuconostocs the amino acid requirements were found to be variable between different strains of any species. Only valine and glutamic acid were required by all strains, and methionine was markedly stimulatory for most. No requirement for alanine was observed for any strain. Each of the other 14 amino acids were individually required by, or stimulatory to, some strains. Table 4 gives the numbers of amino acids required by strains. It shows that the genus can be divided into two groups: ( I ) the dextran-forming strains of groups IV, V and VI, where each strain requires a few (up to 8) amino acids; (2) strains not forming dextran where each strain requires a larger number (> 8) of amino acids. On the basis of the numbers of amino acids needed by each strain, groups VI and I11 are different. Previously they have been put together in one species but they can be separated on the basis of their amino acid requirements.
Cultures of groups I and VII were slow to grow in the medium used and the final turbidity was low in some instances, even after prolonged incubation (7-10 days).
Growth factor requirements
The growth factor requirements are shown in Table 5 . Only five group VII strains are included because the other 11 strains examined did not grow. The group VII strains for which results are given were slow to grow in the medium B; why more strains grew in medium A than in medium B is not clear, since medium A contained amino acids whereas medium B contained enzymic digest and acid-hydrolysed casein as nitrogen source and cultures would be expected to grow better in the latter medium. Media A and B were not satisfactory for this group of leuconostocs; further work on the nutrition of species is reported elsewhere (Garvie & Mabbitt, 1967 . The growth factor requirements do not give a clear-cut division into groups; however, the results do support the classification based on other characteristics. Only a few strains of group VI, but most strains of groups IV and V, require riboflavin, which was also required by all the strains which do not form dextran. Groups I1 and I11 are separated by their requirement for folic acid. Group I requires more vitamins than any other species. In common with group VII, group I strains did not grow when adenine, guanine, xanthine and uracil were omitted together from the medium. The purine and pyrimidine requirements of Leuconostoc dextranicum NCDO 51 7 Leuconostoc dextranicum NCDO 5 I 7 grew when adenine, guanine, xanthine and uracil were all omitted together from the medium. When each substance was omitted singly growth failed when either adenine or uracil was absent. Media were prepared without any of these bases and the effect of adding them separately and in different mixtures is shown in Table 6 . At the concentrations used, guanine, and to a lesser extent xanthine, were inhibitory. The inhibition was overcome by the addition of uracil+adenine. Of the other strains examined, those which failed to grow when uracil alone was absent from the medium did not grow when adenine, guanine and xanthine were also omitted.
D I S C U S S I O N
The present results and those previously reported in the literature do not show wide differences, and those there are may well be due to variations in technique. The results reported by Prouty (1961) show the greatest differences from the present observations. He studied strains of Leuconostoc citrovorum and L. dextranicum isolated from dairy starter and cultured butter-milk, and found that the number of amino acids required for both species varied from 7 to 15. L. dextranicum forms dextran and Prouty's results, if compared with Table 4 , are more in keeping with a non-dextran former than with a dextran former. Prouty pointed out the discrepancy between the numbers of amino acids required and the numbers required by strains studied earlier by Dunn et al. (1947 Garvie (I 960) divided the genus Leuconostoc into six groups and these divisions are supported by the present results on the amino acid and growth factor requirements. These six groups were placed in four species designated Leuconostoc cremoris (group I), L. lactis (group 11), L. dextranicum (group IV) and L. mesenteroides (groups 111, V and VI). The additional information now available indicates that the demarcation into species can be improved, and it is suggested that the genus be divided into six species, the four named above and two additional ones for which the names L.paramesenteroides and L. oenos are proposed.
Leuconostoc cremoris (group I) remains unaltered. Whittenbury ( (Whittenbury, 1966) . The differences in the numbers of amino acids required by dextran and non-dextran formers, together with the difference in riboflavin and folic acid dependence, suggest that group I11 is not a variant of the dextran-forming L. mesenteroides. With this information available, other differences between groups I11 and VI become more significant. Generally the dextranforming strains give a gassy acid clot in yeast glucose litmus milk while the non-dextran formers often fail to clot the milk and if they do it is seldom gassy, indicating less vigorous growth. The non-dextran formers fail to hydrolyse salicin and generally fail to hydrolyse aesculin, while the dextran formers generally hydrolyse both glucosides. A new species is proposed on the evidence now available, with NCDO 803 as type strain. Details of properties of 17 strains of this species (other than amino acid and growth factor requirements) were given earlier (Garvie, I 960).
Leuconostoc dextranicum (groups IV and V). Earlier Garvie (1960) suggested that group V should be placed with L. rnesenteroides rather than L. dextranicum, following the classification of Hucker & Pederson that only strains failing to ferment arabinose and xylose were placed in L. dextranicum. The species described in Bergey's Manual (1957) do not include strains which form dextran and which ferment xylose but not arabinose. Orla-Jensen (1942) included such strains in Betacoccus bovis and excluded them from B. arabinosaceus. The vitamin and amino acid requirements of the cultures suggest that this is a more satisfactory division, and therefore that the 0rla-Jensen classification should be retained.
Leuconostocs mesenteroides (group VI). This species previously included strains with diverse properties and if both groups V and I11 are placed elsewhere a more clearly defined species is left. Leuconostoc oenos. This species is described by Garvie (1967) . It is considered that it resembles most closely L. paramesenteroides, but the differences separating the species are considered significant and both species should be recognized.
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